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INTRODUCTION

Age is an important risk factor for stroke. Stoke rates 
doubles for every 10 years after 55 years old.1

Ischemic preconditioning (IPC) is defined as brief  periods of  
ischemia which are able to minimize the deleterious effects 
of  a subsequent longer-lasting ischemic attack.2  Moreover, 
the neuro-protective role of  cerebral IPC is demonstrated 
through mammalian in vivo and in vitro studies.3,4 Focal 
or global cerebral ischemia induces ischemic tolerance (IT) 
against ischemic injury in rodents.3  In a 2 week protocol of  
repetitive hypoxic preconditioning, long-term protection 
was induced against brain injury in a mouse model of  focal 
ischemic stroke.4 Later, other studies have demonstrated 
the possible protective role of  transient ischemic attack 
(TIA) as equivalent to cerebral IPC in patients with stroke.5-8

However, not all studies have shown associations between 
TIAs and more favorable outcomes after stroke. In a 
cohort study in northern California, no association was 

observed between the occurrence of  TIA and diminished 
disability due to a subsequent stroke.9 The reasons for these 
discrepancies remain undefined. A number of  factors in 
clinical settings, such as the timing of  TIAs relative to the 
occurrence of  stroke (latency), cannot be controlled for as 
it is the case in animal studies,10 although different latency 
intervals were studied by different authors.7,11

Furthermore, Payabvash and his colleagues approved 
different ischemic vulnerabilities of  the brain regions to 
hypoperfusion in patients with acute stroke.12 Similarly, 
others found different outcomes for stroke among 
those with supratentorial ischemic stroke (STIS) versus 
infratentorial ischemic stroke (ITIS).13

To our knowledge, although, certain brain regions were 
studied in animals3 and in humans, as Moncayo and his 
colleagues who studied anterior circulation strokes,6 the 
regional brain affection was not considered in a comparison 
between different brain locations as a predictor of  outcome 
in those with and without prior TIA.
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IPC is emerging as an innovative and novel cytoprotective 
strategy to counter ischemic vascular disease.14 Since 
stroke and TIA mostly affect the aging population, it 
is important to decide whether TIA remains effective 
protection in aged patients with underlying vascular 
disease.7

Many tools such as California risk score (CRS), which 
has the best specificity among tools that can be done by 
emergency room physician as ABCD (concerned with 
age, blood pressure, clinical feature and duration) and 
ABCD2, (concerned with age, blood pressure, clinical 
feature, duration and diabetes).15 CRS was developed to 
predict risk of  stroke.16 However, could this tool be useful 
in predicting earlier stroke? And is it related to subsequent 
stroke severity?

Therefore, the aims of  this study were to determine 
whether prior TIA could affect the outcome of  the 
subsequent acute ischemic stroke in patients aged ≥55 years 
old, does latency or regional affection of  the brain have 
a role? And could CRS be related to a subsequent stroke 
outcome or latency?

MATERIALS AND METHODS

Case-control study was conducted. Patients with acute 
ischemic stroke admitted to Geriatric department and 
internal medicine departments, over a period of  six months, 
aged ≥ 55  years, with (cases) and without (controls) 
antecedent TIA, were studied.

Informed oral or written consent was obtained and patient 
anonymity was preserved. The study was approved by the 
ethical committee of  our department.

Patients were excluded if  they had intracranial hemorrhage, 
previous strokes or TIAs with lesion on cerebral computed 
tomography (CT), pre-existing dementia, or lacunar strokes.

Comorbidities, including chronic heart failure, chronic 
obstructive pulmonary disease, coronary heart disease, 
atrial fibrillation, diabetes and hypertension, were defined 
by patient history and clinical examination. The stroke 
severity was assessed by the National Institutes of  Health 
Stroke Scale (NIHSS),17 and disability was assessed with 
the modified Rankin scale (MRS),18 within 24 hours after 
admission.

Radiological data
A brain CT scan was performed at admission, and 
sometimes was repeated after 48 hours, or 72 hours from 
the acute stroke onset.

Laboratory data
During the medical evaluation, blood sample was drawn 
for all participants after fasting for 12 hours for cholesterol, 
triglycerides, high density lipoprotein (HDL) and low 
density lipoprotein (LDL). These were measured using 
standard laboratory methods.

Data processing and statistical analysis
The statistical analysis was performed using the 16th version 
of  SPSS. Qualitative data were presented in the form of  
frequency tables. Quantitative data were presented in the 
form of  means ± SD (for parametric data) or median and 
interquartile values (for non-parametric data).

Normality distribution was tested using one sample 
Kolmogorov Smirnov test. Regarding quantitative 
data, differences between groups were assessed using 
the Student’s t test, or ANOVA, LSD was used in post 
hoc test, for parametric data and Mann Whitney U or 
Kruskal-Wallis test for non-parametric data. Regarding 
qualitative data, the Chi-square test or Fisher’s Exact test 
was used to compare between groups.

Generalized linear method (GLM) was used to detect the 
significant predictors of  outcome(as assessed by NIHSS 
and MRS) among those with no previous TIA and those 
with previous TIA (different models were used to compare 
different latencies with the following cut offs seven, 14, 21 
and 30 days, each latency was studied separately), with further 
adjustment for age ≥75 years old in additional models, as 
a retrospective clinical study suspected that IT may not be 
occurring in the elderly, aged around 75 years old.19

CRS and older age group ≥75  years old were tested as 
predictors of  stroke outcome.

Receiver operator curve (ROC) was used to evaluate the 
discriminatory performances of  the significant predictors 
of  outcome, derived from GLM, for the occurrence of  
better outcome in the subsequent stroke.

RESULTS

Fifty nine patients with recent stroke were studied, 40.68% 
had antecedent TIA. Among cases, 20.8% had TIA within 
seven days, 37.5% had TIA within 14 days, 50% had TIA 
within 21 days and 62.5% had TIA within 30 days. Median of  
latency and inter-quartiles were 25.5 (8.5-57) days. Only one 
case had two TIAs, the others had one TIA. The duration of  
TIA was more than 10 minutes in the study group.

There was no significant difference between cases 
and controls regarding age, gender, smoking status, 
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comorbidities, or stroke severity tools (NIHSS 
and MRS) (Table 1).

By studying significant predictors of  NIHSS, using GLM, 
CRS was not a significant predictor of  a subsequent stroke 
severity (P=0.23), in cases (Table 2).

Among cases and controls, older age (≥ 75 years old) was 
a significant predictor of  a subsequent stroke severity (P 
<0.001) as assessed by NIHSS and MRS. In addition, 
controls (those with stroke without antecedent TIA) 
were entered in regression with cases (those with stroke 
with antecedent TIA) with classification of  cases using 
different latencies with the following cut offs seven, 14, 

21 and 30  days in different models. With reference to 
our controls, significant result was obtained only in cases 
with TIA ≤ seven days as a predictor for better NIHSS 
(P <0.001) rather than those with latency > seven days, 
other latencies gave no significant results. This significance 
was maintained after adjustment for older age group 
(Table 2).

By studying regional brain affection as a predictor for 
NIHSS, controls were studied versus cases with STIS and 
cases with ITIS, in GLM. With reference to our controls, 
ITIS with prior TIA was the only significant predictor of  
lower NIHSS (P< 0.001) (Table 2), HDL was adjusted for, 
as it was the only significant different variable between 

Table 1: Descriptive statistics for cases and controls
Variables Cases (n=24) Controls (n=35) P value
Age, mean±SD (years) 65.37±9.2 68.14±10.4 0.29
Male gender, n (%) 12 (50%) 16 (45.7%) 0.75
Current smokers, n (%) 7 (29.2%) 6 (17.1%) 0.22
Ex_smokers, N (%) 0 (0%) 3 (8.6%)
Comorbidities, n (%) 
Heart failure 1 (4.2%) 2 (5.7%) 1†

IHD 4 (16.7%) 7 (20%) 1†

Atrial fibrillation 2 (8.3%) 2 (5.7%) 1†

COPD 1 (4.2%) 5 (14.3%) 0.39†

Diabetes mellitus 15 (62.5%) 18 (51.4%) 0.4
Hypertension 17 (70.8%) 20 (57.1%) 0.29

Lipid profile, mean±SD
Total cholesterol mg/dl 155.35±67.7 153.15±71.6 0.92
LDL mg/dl 103.5±49.7 86.33±44.2 0.30
HDL mg/dl 29.56±17.3 18.5±10.97 0.04*
Triglycerides mg/dl 127.26±78.9 112.34±57.9 0.49

Outcome scores, median (interquartile)
NIHSS 8 (4‑19) 11 (5‑18) 0.79
Modified Rankin scale 5 (4‑5) 5 (4‑5) 0.95

Distribution of computed tomography findings
Supratentorial lesion 18 (75%) 21 (60%) 0.5
Infratentorial lesion 4 (16.7%) 7 (20%)
Both 0 (0%) 2 (5.7%)
No lesion specified 2 (8.3%) 5 (14.3)

*Significant P value. †Fisher Exact test was used, *Significant, Values were expressed in form of mean±SD or median (interquartile values) for quantitative data and number (%) 
for qualitative data, COPD: Chronic obstructive lung disease, HDL: High density lipoprotein, IHD: Ischemic heart disease, LDL: Low density lipoprotein, NIHSS: National 
Institutes of health stroke scale

Table 2: Generalized linear method analysis of NIHSS predictors
Predictors Beta 

coefficient
O.R. 95% CI 

(lower‑upper) of beta 
95% CI 

(lower‑upper) of O.R.
P value

Age ≥75 years old 1.18 3.25 (−1.78- −0.57) (1.8‑5.9) <0.001*
TIA ≤7 days without adjustment for age

cases with TIA ≤7 days −8.34 2.4† (−9.563- −7.11) (0.75†‑0.6) <0.001*
TIA≤seven days, with adjustment for age

cases with TIA≤seven days −8.189 2.8† (−9.430- −6.95) (0.8†‑0.0008) <0.001*
California risk score (among cases)

California risk score −0.3 0.74 (−0.83- −0.23) (0.4‑0.8) 0.23
STIS and ITIS with prior TIA, with adjustment for HDL

ITIS −8.07 3.1† (−10.12- −6.0) (0.4†‑0.002) <0.001*
*Significant P value, †Data multiplied by 10‑4, CI: confidence interval, ITIS: infratentorial ischemic stroke, NIHSS: national Institutes of health stroke scale, OR: odd ratio, 
STIS: supratentorial ischemic stroke, TIA: transient ischemic attack 
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groups (it was significantly higher in those with STIS and 
prior TIA than ITIS with prior TIA, P= 0.024).

Among cases, using GLM, CRS was not a significant 
predictor of  MRS (P= 0.34) (Table 3).

Among cases and controls, older age was not a significant 
predictor of  the subsequent stroke disability (P= 0.9). 
In addition, controls were entered in regression with 
cases with classification of  cases using the previous 
latencies in different models. With reference to our 
controls, significant result was obtained only in cases 
with TIsA ≤ seven days as a predictor of  better MRS 
(P = 0.002) rather than those with latency > seven days. 
This significance was maintained after adjustment for 
older age group (Table 3).

In cases, CRS was a significant predictor of  shorter latency 
(β= -8.1, 95%C.I. = 1.8-4.6, OR= 2.9, P <0.001).

There was no significant difference between controls, cases 
with TIA ≤ seven days or cases with TIA > seven days in 
baseline characteristics or regional brain affection by CT.

By using ROC, patients with TIA ≤ seven days, had 
moderate accuracy for identification of  patients with better 
NIHSS with AUC= 0.779, 95%C.I. = (0.63-0.92), at cut 
off  ≤14, sensitivity= 41% and specificity=100%; and at cut 
off  ≤7, sensitivity= 63%, and specificity=100%.

By using ROC, patients with TIA ≤ seven days, had 
moderate accuracy for identification of  patients with better 
MRS with AUC= 0.69, 95%C.I. = (0.39-0.98), at cut off  
≤3, sensitivity= 89% and specificity=60%.

DISCUSSION

IPC is emerging as an innovative and novel cytoprotective 
strategy to counter ischemic vascular disease.14

Therefore, we studied the role of  previous TIA in IPC, 
and with reference to our controls, better prognosis was 

found only in cases with TIA ≤ seven days as a predictor 
for better NIHSS and MRS.

The current results were not similar to Johnston’s results, 
who studied a comparison between different latencies: less 
than one day, one- seven days, and up to 90 days in separate 
categories, as preconditioning was not expected in the latter 
group. The latency was similar in those with disabling and 
non-disabling stroke. The stroke was disabling in 85% 
when it occurred in ≤ seven days of  the TIA and in 84% 
of  those with stroke occurring > seven days (P= 0.83).9.

The disagreement with the current results might be related 
to the different criteria of  the patients, as we excluded 
lacunar or previous stokes, while his study didn’t explore 
any exclusion criteria. In the current study, patients with 
lacunar stroke were excluded because prior TIA was not 
associated with a favorable outcome in them,20 as lacunar 
stroke arteries have a terminal type of  distribution rather 
than the rich collateralization of  cortical arteries.21

The current results were not in accordance with the 
retrospective study performed by Della Morte and his 
colleagues, who studied 42 patients with previous TIA, 
within 72 hours of  stroke onset, versus those without 
previous TIA among elderly presented with non-lacunar 
stroke, with mean of  age 75 years old. They found no 
significant difference in the NIHSS or MRS scores.11 
There were no details about infarct location or frequency 
of  TIAs.

Some authors performed critical stenosis in left common 
carotid artery in mice, 45% to 65% of  baseline cortical 
perfusion was diminished, then they found significant 
preservation of  cortical perfusion, with attenuation of  
infarct size and neurologic deficits, after middle cerebral 
artery (MCA) occlusion in day 14 and day 28 groups 
compared with day 0, 4, and sham groups.22 They concluded 
that it may need longer time to develop collaterals 
into large vessels after its critical stenosis.23 This might 
partially explain the difference with our latency, as basal 
ganglion involvement was present in only 3 of  our cases, 

Table 3: Generalized linear method analysis of modified Rankin scale predictors
Predictors Beta 

coefficient
O.R. 95% CI

(lower‑upper) of beta
95% CI

(lower‑upper)
P value

Age ≥75 years old 0.03 1.03 (−0.53-0.59) (0.59‑1.8) 0.9
TIA≤seven days without adjustment for age

cases with TIA≤seven days −1.56 0.21 (−2.55- −0.58) (0.1‑0.6) 0.002*
TIA≤seven days , with adjustment for age

cases with TIA≤seven days −1.48 0.23 (−2.43- −0.52) (0.1‑0.5) 0.002*
California risk score (among cases)

California risk score −0.23 0.79 (−0.71- 0.24) (0.5 – 1.3) 0.34
*Significant P value, CI: Confidence interval, OR: Odd ratio, TIA: Transient ischemic attack
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as occlusion of  lenticulostriate arteries is an early sign of  
MCA occlusion.24

Other authors studied IT upon rats with several reperfusion 
periods (ie, two, six, and 12 hours and one, two, seven, 14, 
and 21 days) between IPC and final ischemia and found 
that IPC induces IT that is dependent on new protein(s) 
synthesis that occurs at the IPC brain site one to seven 
days after IPC which contributes to the neuroprotection. In 
this model temporary MCA occlusion for ten minutes was 
used for IPC before permanent MCA occlusion (n= seven 
to nine per group) to establish IT compared with sham 
group (n= 22).25

A recent experimental TIA approved role of  IPC in rats, 
when stroke was induced 2  weeks later4, however this 
prolonged IT could be related to the repeated hypoxic 
exposure in the IPC phase, as repeated TIA per se could 
have a role in prolongation of  IPC.26

Furthermore, our results were in accordance with Schaller, 
who studied 11 cases versus 119 controls and found that 
TIA that occurred within one –seven days may lead to IT 
against a subsequent ischemic stroke as demonstrated by 
the significant diminished infarct extension throughout 
neuroradiological studies.7

Weih and his colleagues studied 37 cases versus 111 controls 
and found that TIA before stroke was associated with less 
severe stroke, as assessed by Canadian Neurological Scale, 
on admission and with follow-up, The median of  latency 
was 21 days (range 6 hours to 2 years), 6% of  their cases 
had small vessel disease. There was no significant difference 
in baseline characteristics.5

The wide variation between studies, regarding the protective 
latency in different studies, precludes the possible role for 
other underlying factors. Indeed, not all authors had same 
exclusion criteria or gave comment about frequency of  TIA 
in their patients, its duration or regional affection of  the 
brain that might give a better comparison between studies.

As we found that, with reference to our controls, ITIS 
with prior TIA, rather than STIS with prior TIA, was a 
significant predictor for better NIHSS. This agrees with 
De Haan and his colleagues who reported a better quality 
of  life in ITIS than in STIS patients.13

This could point to one of  other factors that might affect 
stroke outcome after TIA. This finding might be explained 
by molecular studies for IT in the brain.

The sodium calcium exchanger (NCX) has three 
isoforms: NCX1, NCX2, and NCX3 which regulate Ca2+ 

homeostasis. The two isoforms NCX1 and NCX3 can be 
involved in IT.27

NCX1 was found to mainly control the input of  the 
cerebellum, and NCX2 was seen more extensively 
distributed in supratentorial areas rather than infratentorial 
areas, as Canitano and his colleagues presented its 
distribution in each of  the brain areas in the rat central 
nervous system.28

In the current study, patients presented with stroke that 
had antecedent TIA within seven days were a significant 
predictor of  favorable outcome, lower NIHSS and MRS, 
even after adjustment for the older age group.

Older age was a significant predictor of  stroke severity 
at admission, which is in accordance with Corso and his 
colleagues who showed that very old age is an independent 
predictor of  stroke severity at admission in a population 
based study, among those with first ever ischemic-stroke.29

However, older age was not a significant predictor of  
initial stroke disability. This is in accordance with Bagg and 
his colleagues who showed that age has an insignificant 
clinical impact, as a small variation in functional outcome 
(about 1%) can be attributed solely to age.30

CRS was not a significant predictor for NIHSS or MRS. 
However, its increase was a significant predictor of  earlier 
stroke following TIA. This later finding was in consistence 
with a study by Johnston and his colleagues upon ABCD2 
score, in which higher score was associated with higher 
percentage of  stroke within 2 days.31

Although CRS could be suspected to influence stroke 
severity due its sub items as age. However, it was not related 
to severity as its higher score constituted a higher risk for 
earlier stroke that might benefit from preconditioning.

Limitations
The small sample size was a limitation of  the current 
work. However this is attributed to the limited number of  
patients at this age group who presented with first stroke 
plus previous TIA, and this limitation was found in other 
studies, as Weih and his colleagues studied 37 cases, and 
Wegener and his colleagues studied 16 cases.5,8 Our TIA 
cases were 40.68% while in Weih’s study, for example, 
cases were 25%.5

Recommendations
We could suggest considering latency with its cut off  of  
seven days in further tools which predict stroke severity. 
Further elucidation of  the role of  CRS in prediction of  
latency need to be clarified in future researches. We would 
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like to suggest the consideration of  seven days as a possible 
protective latency in future experimental TIA researches 
combined with the observation of  regional brain affection.
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